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WIND-TUNNBEL INVESTIGATION OF ZFFICT OF YAW
ON LATHRAL-STABILITY OHARACTRRISTIOS
' IV . SYMMETRICALLY TAPERED WING WITH A OIROULAR.
' FUSBLAGE HAVING A VIDGE-SHAPED REAR
' " AND A VERTIGAL TAIL

By-I. 6. Recant and Arthur R, Wallace
SUMKARY

Combinationes of an NACA 23012 tapered wing and a cir-
cular fuselage having a wedge-shaped rear were tested in
the NACA 7- by 10-foot wind tunnel to determine the effect
of wing-fuselage linterference on the lateral-stabllity
characteristics. The model configurations represented a
high~wing, a midwing, and a low-~wing monoplane. Z¥or each
configuration, teets were made with a partial-span split
flap neutral and deflected 60° and with and without a ver-
tical tall. Tests of the fuselage alone and of the fuse-
lage with the vertical tall were also made.

. The results are presented in the form of inorements
of the rate of change in the coefficients of 'rolling mo-
ment, yawing moment, and lateral foroe with yaw caused by
wing-fuselage interference. The coefficlients at high
.angles of yaw for all modelfoonfiguratione are presented.,
The data are comparéd with eimildr model combinations of
a tapered wing and circular fuselage with a pointed rear

-portion.,

The interference effects on the ‘combinations with
the wedge-~rear fuselage were similar to those on the som-
binations with. the circular fuselage; that is, the inter-
ference reduced the effective dihédral of the low=-wing
model and inocreased the effective dlhedral of the high-
wing model, and the vertical tall was more effective on
the low-wing combination than on the high-wing combina~-
tiono' . . ) )



When the flap was neutral, the influence of lnter-
ference on effective dlhedral was greater for the
circular-fuselage comdbinationg than for the wedge-rear-
fuselage comdbinatione. When the flap was deflected, the
effeot of the interference on the dihedral was more favor-
adble for the wedge-rear~fuselage combinations than for
the circular~fuselage combinations. The directional eta-
bility of the model without tall with the wedge-rear
fuselage was more favorably affected by wing-fuselage
interference than the stabdillty of those combinations
with the circular fuselage, but the interference had a
more favorable effeoct on the effectivensesss of the verti-
cal tall of ths circular-fuselage models than on that of
the wedge-rear~fuselage models.

At high angles of yaw the wedge-rear fuselage alone
was more stable directionally than the circular fuselage
al one.

INTRODUCTION

Data are avallable for evaluating the effect of the
serodynamic lnterference between wing and fueselage and
betweén wing and vertical tall on the lateral~stadllity
characteristice for certaln types of model., The effects
of interference on the characteristics of four typess of
wing having a partial~span eplit flap, both neutral and
deflected, in combination with a circular fuselage are
given in references 1 and 2, A comparison of a eircular
and an elliptical fuselage 1s shown in reference 2. The
effect of the vertical position of the wing on the fuse-
lage 1s given in references 1 and 2, and the effect of
the longitudinal position of the wing on the fuselage 1is
g€lven 1in reference 3.

It wae thought desirable to extend this investiga-
tion by tests of a fuselage of circular oross sectlion but
tapering to a knife edge (wedge rear) at the rear, because
thie shape ies representative of a commonly used fuselage,
Tests (reference 4) have shown that this type of fuselage
is more stable, directionally, than a circular fuselage
at large angles of yaw,

The present report gives the results of tests of a
wedge~rear fuselage 1n combinatlon with a wing at three
vertlical positions on the fuselage. IEach comblnation was
tested with and without a vertical taill and with and with-
out a partial-span split flap deflected 609,




-~ =7 - = - -. MODEL AND APPARATUS . _.

The tests were made in the NAOA 7~ by 1lO~foot wind:
tunnel with the reguler six-component balance. The tun-
nel and the .balance are described in references & and 6.

The model (fig. 1) was identical with the circular
fuselage and symmetrically tapered wing model of refer-
ence 2 except for the new shape o0f the fuselage rear.
For the midwing combinaticn the chord line of the wing
was placed on the center line of the fuselage. For the
high~ and the low~wing combinations the outer surface of
the wing was made tangent to the respective surfaces of
the fuselage. 'The wing was set at 0° incidence with re-
epect t0o the fuselage center line for all cases.

The 3:1 symmetrically tapered wing used in the tests
was previously used in the investigation reported in ref-
erence 7, It has the NACOA 23012 eection and the maximum
upper~gsurface ordinates are in one plane, giving the chord
plane a dihedral of 1,459, The wing tips are formed of
quadrants of approximately simllar elllipsee., The sweep~-
back of the locus of one-gquarter-chord points is 4.75°9,
the area 18 4.1 square feet, and the aspect ratio is 6.1.

The fuselage i1s the same as the circular fuselage
used in the investlgations reported in references 1, 2,
3, and 8 except that the thickness in slde elevation 1s
increased back of the 38~inch statlion in such a way that
the fuselage terminates 1n a vertical line instead of in
e point. The ordinates of the fuselage, which will here-
inafter be referred to as the wedge~rear fuselage, are
g€iven in table 1. .

A new vertical tall was constructed for the new fuse-
lage. It ie of NACA 0009 gsection and has an effective
area of 63.7 square inches measured to the center line of
the fuselage., (See fig. l1.) The aspect ratio of the ver-
tical tall is 2.2, based on the -area as defined and on
the tall epan to the center line of the fuselage. The
tall area and the aspect ratio are the same as for the
vertlcal tall used on the cirocular fuselage discussed in
previous papers of this stability-investigation serles.

8plit flaps, 20 percent of the wing chord and 60 per-
cent of the wing span, were mads of 1/16~inch steel, TFor
the high-wing and the mldwing combinations, the flaps



were ocut to allow for the fuselage, and the gaps betweexn
the fuselage and the flaps were sealed. The flaps were
attached with sultable angle blocks at a deflection of
600,

TESTS

The test procedure was similar to that used 1ln pre-
vious investigations (references 2 and 3). Teats were
made of the model with and without the flaps and with and
without the vertical tail for all wing positions. 4all
combinations were tested at angles of attack from -10°9 to
209 with the model yawed -59, 09, and 69, A yaw range of
~169 to0 509 was investigated for each combination at an
angle of attack 2° less than the angle of attack for maxi-
mum 1ift at 09 yaw.

. A dynamic pressure of 16,37 pounde per square foot,

which corresponds to a veloclity of 80 miles per hour under
standard conditions, was meintained in all tests. The
Reynolde number based on a mean wing chord of 9.84 inches
was about 609,000, Based on a turbdulence factor of 1.6
for the 7- by 10-foot wind tunnel, the effective Reynolds
number was about 975,000,

RESULTS

The data are given, in standard nondimensional coef-
ficlent form, with respect to the stabllity axes and the
center-of-gravity location shown in figure 1. The stabil-
ity axes are a system of axes 1n which the X axis 1s the
intereection of the plane of symmetry of the airplane
with a plane perpendlicular to the plane of eymmetiry and
parallel to the relative wind direction, the Y axis is
perpendicular to the plane ¢f symmetry, and the 2 axis is
in the plane of symmetry and perpendicular to the X axis.
The results of all former reports in this series were
g€iven with respect to the wind axes., Data taken from
these reporte and presented herein have, therefore, been
converted to the stability axes. The stability axes are
ueged because, with the stabllity axes, rolling-moment
data are automatically corrected for untrimmed pitching
moments and are less likely to lead to false conclusions,
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The coefficients for the fuselage alone and for the
fueelage wlth vertical tall are tased on the wing dimen-
slone. The coefficlents are defined as follows:

C;, 1lift ocefficient (L/qS)

Cp drag coefficlent (D/qS)

Cpn pitching-moment coefficlent (M/qoS)
Oy lateral-force ocoeffiolent (Y/qS)

GYW slope of curve of lateral-force coefficient agalnst
yaw (2Cy/dv)

C; rolling-moment cocefficient (L/qb8)

G;w slope of curve of rolling-moment coefficient against
yaw (3C3/oV)

C, yawlng-moment coefficient (N¥/qb8)

c! slope of curve of yawing-moment coefficlent against
2V T yaw (36,/0V)

A, change in partlal derivatives caused by wing-
fuselage interference

Ag change in vertical tall effeotiveness caused by
wving-fuselage interference

wvhere

L 1ift, rolling moment
D drag

b4 lateral force

N pitching moment

.} yawing moment

- - ' - a
dynamic pressure (% pV )

«

tunnel air veloocity



[~} alr density'

S wing erea

b wing span

T average wing chord

and

a angle of attack corrected to free stiream, degrees
ol wind-tunnel angle of attack, degrees

v angle of yaw, degrees

8¢ angle of flap deflectlon, degrees

A angle of wing sweep, degrees

Lift, drag, and pitching-moment coefficlents for the
various wing-fuselage arrangemenis are presented in filg-
ure 2, The values of a& &and Op shown in this figure

were corrected to free alir, dut in all subesequent figures
no corrections to a' were madie. The lateral-stability
derivatives of component parts of the model appear in )
figure 3.

The increments of partlal derlvatives with respect
to the angle of yaw of rolling-moment, yawing-moment, and
lateral-force coefficients due to wing-fuselage interfer-
ence A, and due to wing-fuselage interference on the
vertical tail Az; are shown in figuree 4 to 9. The in-
crement A, 1s the difference between the slope.for the
wing~-fuselage combination without the tall and the sum of
the slopes for the wing and the fuselage, each tested
separately. Thus, 4, is the change in C;,, Cp,, and

GYW caused by wing-fuselage interference for the model

without the tail, The increment Az; is the difference
between the slope produced dy the vertical tall with the
wing present and the slope produced by the vertical tail
with the wing abesent. The increment A; 1is, therefore,
the change 1n effectiveness of the vertical tall caused
by the addition of the wing to the fuselage. If, for ex-~
ample, the value of On\lr for the complete model is de-

sired, the followlng equation may be used:



'an = Qhw(wing) + Onw(fuselage and tall) + A, Onw + A5 cnw

Yalues $f OLW and °Y¢ for the complete model may be

obtaing& in a similar manner.

The values of in, OnW' and OYW used to compute

A, and A; were obtained from tests at -5° and 5° yaw
by assuming a stralghi—line variation between those
pointe., This assumption hae been shown in reference 1 to
be valid except at high angles of attack. Talled symbols
on the curves of figuwss B 445 @ were odtained from slopes
measured from curves kn figures 20 to 13,

The lateral-stability characteristice of the compo-
nent parts of the model at high angles of yaw are given
in figure 10 and the characteriasticse for the various com=-
binations with and without the vertical tall at high
angles of yaw are shown in figures 1l to 1l3.

DISCUSSION

General Comments

The 1ift, the drag, and the pltching-moment coeffl-
clents of the several model combinations are ehown 1in
figure 2, As is t0 be expected, the high-wing combina-
ti ons are more stable in pltch than the low~wing combina-
tions. 1Inaesmuch as the tests were made without wing
fillete, the data for the low-wing combinationes show the
effect of the burble at the wing-fuselage Juncture. (See
reference 3.)

Lateral Stability at Small Anglés of Yaw

- Component parts.-~ The wing-alone data given on fig-

ure 3 were taken from reference 7 and converted to the
etabllity axea. The data of flgure 3 show that the wing
alone with flaps deflected is lese stable in roll than
with flaps neutral., The data of reference 7 show a re-
verse relationship. The difference 1s oaused by the faot
.that the resulis of reference 7 weré not corrected for
the component of pitching -moment, which was negligible




for flaps neutral but apprecliable for flape deflected.
Lateral force of the wing alone with respect to the sta-
bility axles 1is found t0 be emall with flaps elther neutral
or deflected. When the moments of the wing alone are com-
puted about points abdove and below the wing to represent
the center—of-gravity position for high—~ and low=wing
monoplanes, it was fourd, as 1s shown in figure 3, that
the change in lateral-stability characterlstics ig very
snpall,

Ihe fuselage data are also given in figure 3 and ‘are
converted from data of reference 1 to the stabllity axees
and corrected for the wing area used in this paper, Both
fuselages give substantially similar resulte. The cir-
cular fuselage, however, ie seen 10 be glightly lese un-
stable in yaw than the wedge-rear fuselage. This result
1s in agreement with the data of reference 4 for emall
angles of yaw. -The vertical tail ie more effective in
producing yawing moment in combination with the wedge~’
rear fuselage. ’

Wing;fuselagg interference.,~ In general, the inter-
ference with the wedge-rear fuselage was very similar to
the interference with the circular fuselage. There are,
however, certain small differences, which 1t might be
well to polnt out.

The increment 'A;G;w (f1g.'4) for flap neutral is

greater. for the circular fuselage over most of the angle~
of-attack range. 7For flaps deflected thé opposite is
true for the high wing and, over a small angle-of-attack
range, for .the low wing. -¥igure '4 showse the tendency for
the flaps to increase Aiciw more when added to the

vedge-rear-fuselage combination than when added to the

circular-fuselage combination. The effect of the durdle
a few degrees before complete.stall is clearly shown by
the abrupt ¢hange in the curve for A;G;w for flap neu-

tral. PFor flaps deflected, the burble occurs too close
to the complete stall to show 'cledrly in the curves, dut
it is probadbly responsidble for the fact that the stall
ocours 2° earlier for the 1ov wing. .

With flaps neutral the 1ncrement Aicgw (fig. B)

is more ltabilizing_for the wedge-rear fuselage for all
three wing positions except for the midwing combination
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~~-at angles - of attack above 10° where .the.increment is about

the same. The result is the gsame for the condition with
the flap deflected except that, at angles of attack adbove
109, the interference for the circular fuselage becomes
more stabilizing.

The inorement 4,0y (fig. 6) 1s about the same for

elther fuselege, although 1t eshows greater variation with
angle of attack for the wedge~rear fuselage.

Effect of wing-fuselage ilnterference on vertical
teil.- The increment Ag0; (fig. 7) 1is rather small and

erratic, as might be expected, The difference betwesn
the incremsntes for Lhe two fuselage shapes 1s much greater
with the flap neutral thaa with the flap deflected.

The increment Agcnw (fig. 8) 18, in general, more

stabilizing for the circular fuselage than for the wedge-
rear fuselage. The difference between the values of
Aacnw for the two fuselages is most marked when the wling

is in the low poslition., ZFlap deflection also increases
the difference.

The lateral force increment Aacyw is about the

same for both fuselages for the low-wing arrangement,
With the midwing combination, the wedge-rear fuselage has
a more positive Aacyw, and with the wing in the high

position, a much more positive (less negative) Aaczw.

Lateral Stability at Large Angles of Taw

Component parts.~ Rolling-moment coefficients (fig.

10(a)) due to the fuselage and to the fuselage with tail
are small, as would be expected. Yawing moments (fig.
10(b)) of the fuselages alone at low angles of yaw are
nearly the same., At high angles of yaw, the clrcular
fuselage 1s more unstable. With the tail on, the range
tested for the clroular fuselage is too small to deter-
mine the difference at high angles of yaw but at low
vaelues of yaw the two fugelages are about the same. DLat-
eral force (fig. 10(e)) for the fuselage alone 1ls higher
for the wedge-rear fuselage at high values of V. This
condition is 1n agreement with the more stable yawing
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moments of the wedge—rear fueelage in this range. As the
angle of attack 1s increased, the wedge-rear fuselage de~
velops less lateral force and becomes more unstable at
large angles of yaw.

The complete model.- The plots of rolling-moment

coefficients (figs. 11l(a), (v), (c), (4d)) ehow again the
favorable interference for the high-wing combination and
unfavorable interference for the low-wing combination
except for the low-wing combingtion with the flaps neu-
tral. As may be seen 1ln figure 4, tkhis combination was
tested at a greater angle of attack than the angle of
attack at which the dburble at the wing-fuselage Juncture
occure. Because of the dburdle, the interference 1s as
favorable for the low—-wing combination as for the high-~
wing combination at small englee of yaw. The decrease in
effective dlhedral of the low—-wing combination at large
angles of yaw may be due to the .tendency of the air flow
to revert to the flow conditlon before the burble. Thig
decrease 1s not caused by the stalling of one wing tip,
becanee the 1l1ft decreased more rapldly with yaw for the

. high-wing combination, which did not exhihit the marked

reduction in elope of the rolling-moment-coefficlent
curve shown by the low-wing combination, With flaps de-
flected, the low—-wing combination has negative effective
dihedral, as would be expected from the interference
plots.

A comparlson of the yawing-moment coefficlents pro-
duced by the wedge-rear—-fuselage model and the circular-
fuselage model is made in figure 12, The c¢ircular-
fuselage model had a wing with an angle of sweep of 149,
Data for thls combinatlon are glven because 1t was the
only c¢lrcular~fuselage combinatlon tested at an angle of
yaw above 16°, Unpublished data have shown that the ef-
fect of sweep on yawling moment ls emall and should there-
fore not materially influence the comparison,

With the flaps neutral (fig. 12(a)), the wedge-rear
fuselage 1s more stable up to adout 23° yaw, although the
difference in sweep of the wingas tende to favor the
eircular-fuselage combination slightly. Beyond an angle
of yaw of 22° there 1s not much difference between the
two fueselage comdbinations, The stabllity of the wedge-
rear combinations at large angles of yaw 1ls not so great
as would be expected from a comparison of the test results
0f the two fuselages alone, When the flaps are deflected
(fig. 12(b)), the wedge-rear fuselage with the high-wing
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combination shows greater stability than the eircular

fuselage, but with the low-wing combination both fuselages
have about the same stablility. The effeot of flap deflec~
tion is probably greater than the effect of fuselage shape.

The lateral-force~coefficient curves (fig. 13) are
quite regular. Xor flaps neutral there ie no conslstent
difference between the two fuselage combinetions. The
deflection of flaps increases the lateral-force coefficlent
developed by the low-~wing combinatlion dbut does not mate-
rially change the characteristice of the high~wing combina-
tion.

CONCLUSIONS

For small angles of yaw there was very little differ-
ence between the lateral-stability characteristics of the
wedge—~rear fuselage and those of the circular fuselage.
Some of the small differences were as follows:

1, The incremente of rolling-moment coefficlent due
to wing-fuselage interference for flape nsutral were
greater for the clrculer fuselage, that 1e, were more
stablligzing for the high-~wing combinatlon and more desta-
bilizing for the low-~wing combination.

2. With flaps deflected the increment of rolling
moment due to wing-fuselage interference was more stabi-
lizing for the wedge-~rear fuselagze for all model conflg-
urations.

3. The increment of yawing-moment coefficlient due
to wling-fuselage interference was more stabilizing for
the wedge-~rear—-fuselage combination,

4., The effect of wing-fuselage interference on the
vertical tail tended to make the circular~fuselage combil-
nation more stable directionally than the wedge-rear-
fuselage comblnation regardless of wing position or flap
deflectlon.
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At large angles of yaw, the wedge-rear fuselage
alone was more stable directionally than the circular
fuselage but, in combination with the wing and the verti-
cal tall, there was very little difference between the
yawing-noment coefficlents of the two fuselage combina-
tions.

Langley Memorial Aeronautical Laboratory,
National Advisory Conmittee for Aaronautics.
Langley Fleld, Va,
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TABLE I.- DIMENSIONS OF WEDGE-REAR FUSELAGE

rStation Radlus Depth
(in.) (in.) - (in.)

0 0 0
.312 772 1.6544
.813 1.242 2.484
1.312 1,672 3.144
2.312 2.044 4,088
4.312 2.660 5.300
8.312 3.238 6.476
12,312 3,410 6.820
16.312 5.440 6.880
20.312 3} @.408 6,812
24.312 | #.268 6,636
28,312 2.9%0 65.980
1 32.312 2,516 5.134
34,312 i 8.17Q 4,710
36,312 1,698 . 4,387
38,312 1.000 3.863
39.312 .548 3.652
40.312 4] 3.440

Radlus__
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Figure 1.- NACA 22012 wing in combination with a wedge-rear
fuselage and a tail of NACA 0009 section.
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